Introduction
Catastrophic morbidity or mortality from cardiogenic cerebral embolism occurs in approximately 2000 cases each year in the Netherlands 1 ' 1 . Left ventricular thrombus after myocardial infarction is a source of such emboli which is largely preventable by systemic anticoagulation. However, anticoagulants induce a bleeding risk and must be given only when the risk of embolism is increased' 2 '. Two-dimensional echocardiography has played a pivotal role in defining the natural history of thrombus formation in patients with acute myocardial infarction. The role of echocardiography has recently been expanded by use of Doppler echocardiography since it has been shown that study of intraventricular flow patterns provides a unique and pathophysiologically rational means of estimating the risk of thrombus formation' 3 ' 41 with potentially important implications for the management of anticoagulant drugs.
This review will first discuss the diagnosis left ventricular thrombus. Second, the natural history of left ventricular thrombus will be outlined, including the prediction of thrombosis risk by clinical markers and two-dimensional or Doppler echocardiography. Third, the prognostic importance of left ventricular thrombus will be outlined. Finally, the practical strategies to prevent embolic complications of myocardial infarction will be reviewed.
Diagnosis of left ventricular thrombus

Angiocardiography
The sensitivity of left ventriculography for the detection of thrombus is unacceptably low (26-31 %) [5l6) . Further-
Indium-III platelet scanning
This technique detects haematologically active thrombi with a sensitivity of 71% and a specificity of 100%, compared with aneurysmectomy or autopsy 19 '. Operative material had high indium activity at the surface of thrombi and low activity in adjacent tissues. Although its accuracy is acceptable, platelet scintigraphy is not applied widely, possibly because it is time consuming and expensive, not universally available and involves radiation exposure' 10 "'.
Echocardiography
Echocardiography enables reliable and non-invasive detection of intracardiac masses. Two-dimensional echocardiography from the apical window has a sensitivity and specificity of approximately 90% compared with aneurysmectomy or autopsy 1 
Prognosis in left ventricular thrombus
Mortality is increased in patients with left ventricular thrombus, especially when these develop within mortality of 34% in patients without thrombus, compared to 9% in patients with thrombus (29%). These authors postulated that splinting of the infarcted segment by thrombus prevented remodelling and dilatation. No other investigation found a survival benefit of left ventricular thrombus.
Although many of the factors associated with thrombus formation decrease survival, none of the prognostic studies corrected for these confounders. The independent contribution of thrombus to mortality (i.e. by fatal embolic complications) is therefore unknown. Nevertheless, in clinical practice the presence of thrombus marks a dubious prognosis.
Natural history of left ventricular thrombus
Before the availability of techniques to diagnose left ventricular thrombus during life, its natural history was defined at post mortem. In studies from the beginning of this century the frequency of left ventricular thrombus was approximately 30% , comparable to the 33% frequency in a more recent study of 327 autopsies of acute or healed myocardial infarction'
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. Thrombi were noted most often at the apex of the left ventricle, in association with anteriorly located, acute (as opposed to healed) infarction, larger pathological infarct size and clinical evidence of congestive heart failure.
Combining the results of the most important echocardiographic studies in a total of 2018 patients, the reported frequency of left ventricular thrombus after acute myocardial infarction is 27% (Table 1) .
Several factors are associated with thrombus formation. Thrombus was found almost exclusively in anterior wall infarction, with a frequency of 39%, compared to 0-5% in non-anterior myocardial infarctions (Table i)!   17   -28   -32 ). Most studies found an association of thrombus with increased enzymatic infarct size, clinical evidence of pump failure, severe apical asynergy (i.e. , changes in thrombus shape occurred in 41% (15/38 protruding thrombi became mural, and 9/21 mural thrombi became protruding) and changes in mobility occurred in 30% (mobility disappeared in 5/8 and appeared in 12/51) in one study following patients not on platelet inhibitors or anticoagulants. Changes were found up to more than 1 year after the first detection. A much lower variability was found in another study 1451 where changes in thrombus morphology occurred in 16% of 60 thrombi and changes in mobility in 10%. Other characteristics, such as thrombus size 1331 , central echolucency 1431 or hyperkinesia of the myocardial segments adjacent to the thrombus' 321 were found in some studies to be associated with an increased risk of embolism, but this was not a universal finding. . Although only limited data are available regarding their relative efficacy, one study comparing aspirin to oral anticoagulants found no significant difference in protective effect 1481 . Indiscriminate administration of anticoagulants to all patients after myocardial infarction does not seem advisable. For instance, it can be calculated that 185 patients were anticoagulated during 1 year to prevent one cerebral infarct in the recently conducted placebo controlled ASPECT trial 1461 . This benefit was obtained at a cost of almost two intracerebral or major extracerebral bleedings induced by the anticoagulants. This unfavourable risk-tobenefit ratio is explained by the exclusion of patients at highest risk of left ventricular thrombus from this trial.
Risk of embolism due to left ventricular thrombosis
Modification of embolic risk by anticoagulants
Thus, at the state of our present knowledge, aspirin appears to be the drug of first choice for the secondary prevention of cardiovascular events after myocardial infarction, with oral anticoagulants reserved for those patients appearing at increased risk of cardiogenic embolism. For such an approach, accurate risk assessment of embolic complications after myocardial infarction is essential. In the pooled results of echocardiographic studies in which oral anticoagulants were given to patients with left ventricular thrombus, the relative risk of embolism in anticoagulant-treated patients may be estimated at 0-3 (95% confidence interval, range 01-0-5 
Modification of left ventricular thrombus incidence by anticoagulants
Prevention of thrombus formation by oral anticoagulants
Pooling two studies, patients with anterior Q-wave infarction randomized within 12 h of admission to heparin followed by warfarin had an incidence of thrombus of 11%, compared to 29% in the controls, a relative risk of 0-4 (95% confidence interval, range 0-1-0-9)' 49 ' 50 '. Although heparin followed by oral anticoagulants is effective, the 95% confidence interval is wide and the size of the effect cannot be accurately estimated.
Established thrombus
In patients with established thrombus randomized to oral anticoagulants at discharge or several weeks thereafter, 65% showed thrombus resolution during 1 to 2 years follow-up, compared to 11% of the placebotreated controls. The relative risk of thrombus persisting
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under anticoagulants was 0-4 (95% confidence interval, range 0-2-0-6). In patients with persistent thrombi, thrombus thickness progressively decreased in the anticoagulated group but not in the controls' 51 ' 52 '.
Platelet inhibitors
Two studies of the effect of antiplatelet drugs found no effect on echocardiographic thrombus size, and a varying effect on platelet deposition as assessed by indium-III scanning   153   -541 . Thus, these drugs appear not be effective in this regard. , suggesting that the decreased incidence of thrombus is not due to a direct lytic effect but results from improved global ventricular function and less severe apical asynergy. Myocardial infarction cannot be fully prevented by thrombolytics due to pre-hospital time delays and failed reperfusion in some patients. Therefore, left ventricular thrombosis will continue to be a challenge in the thrombolytic era.
Reperfusion therapy
flow and without contraindications to anticoagulants, in view of the potentially devastating nature of embolic complications.
Treatment of ventricular thrombus
In patients presenting left ventricular thrombus, three management options to prevent embolism are available. In determining the optimal treatment strategy, the perceived risk of embolism as estimated by two-dimensional echocardiography following the criteria outlined above must be used as a guide.
First, a course of intravenous heparin followed by oral anticoagulants is appropriate' 781 . The response to treatment, i.e. size and shape of the thrombus, should be controlled by frequent echocardiographic examinations. Although this has not been described for this indication in the literature, concomitant platelet inhibition by aspirin should be considered' 4 ' 1 . Thrombolysis of ventricular thrombi has been tried but increased mobility of apical clot has been documented'
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, together with sometimes fatal embolic phenomena' 27 ' 791 . Thus, the safety of this approach appears questionable.
Finally, surgical removal may be indicated in patients sustaining embolic events, especially when recurrent. Prophylactic surgery has been described when thrombus morphology suggested a high risk of embolism' . Doppler-flow had superior predictive accuracy compared to conventional predictors of thrombus risk and was the only independent correlate of thrombosis on stepwise logistic regression' 41 . The incidence of thrombus is negligible in patients with normal flow 13 ' 41 in whom anticoagulants can safely be withheld. Although the risk of left ventricular thrombus in patients with abnormal flow is clearly increased (63%), the best approach to their management has not been formally tested. It appears prudent to anticoagulate patients with abnormal
Conclusion
The embolic risk of left ventricular thrombus after myocardial infarction will continue to be present despite the success of thrombolysis. In selecting patients for anticoagulant prophylaxis, Doppler examination of intraventricular flow appears a promising alternative to the conventional clinical and two-dimensional echocardiographic indicators.
